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PREFACE 
The dissertat ion deals with the review of l i te ra ture 
on in vi t ro androgenesis and i t s induction in Moringa 
oleifera I^m, 
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INTROIXJCTION 
Blakeslee e t a l . (1922) working with Datura stramonium 
r e p o r t e d the n a t u r a l occurrence of h a p l o i d s . The term 
" h a p l o i d " r e f e r s t o those p l a n t s which pos se s s the gameto-
p h y t i c number of chromosomes i n t h e i r spo rophy tes . Since t h i s 
f i r s t r e p o r t , the number of p l a n t s p e c i e s i n which hap lo ids 
have been r e p o r t e d t o occur spontaneously ty pa r thenogenes i s 
o r have been induced expe r imen ta l ly by v a r i o u s t echn iques has 
inc reased s u b s t a n t i a l l y . 
General ly the term " h a p l o i d " i s app l i ed to any p l a n t 
o r i g i n a t i n g from a sporophyte and c o n t a i n i n g ha l f the number 
of chromosomes. Haploids may be grouped i n t o two broad 
c a t e g o r i e s , ( a ) Monohaploids, a re those which posses h a l f the 
number of chromosomes from a d i p l o i d s p e c i e s , (b) Po lyhap lo id s , 
which possess ha l f the number of chromosomes (gametophytic s e t ) 
from a po lyp lo id s p e c i e s . Haploids are of g r e a t importance i n 
p l a n t b leed ing (Melchers and Labib, 1970; Khasa, I974j He i n e r t 
& Bajaj , 1977). Haploids may be u t i l i z e d to f a c i l i t a t e the 
d e t e c t i o n of muta t ions and the recovery of unique recombinants . 
Since most muta t ions are r e c e s s i v e they a re d i f f i c u l t to d e t e c t 
i n the p resence of an unmutated dominant gene. Haploids 
p o s s e s s only one s e t of a l l e l e s a t each l o c u s , so i t i s p o s s i b l e 
fo r r e c e s s i v e mutants to be d e t e c t e d . Furthermore doubl ing 
of the chromosome number of hap lo ids o f f e r s a method fo r the 
r ap id p roduc t ion of homozygous p l a n t s , which i n tu rn may be used 
for producing inbred l ines for hybrid production. 
Haploids may occur spontaneously in nature or they may 
be induced experimentally. Spontaneous haploid occur as a 
r e s u l t of apomlxis or parthenogenesis . In such cases the 
unfe r t i l i zed egg, the sperm, or the synergids s t a r t to grow 
to form a haploid p lan t independent of any experimentally 
applied st imulus. Induced haploids can general ly be obtained 
by the st imulat ion of the egg, synergids or sperm by a number 
of methods Including ionizing i r r a d i a t i o n and radioisotopes , 
thermal shocks, d i s t a n t hybr idizat ion, delayed po l l ina t ion , 
appl ica t ion of abortive pol len , spraying with various chemicals, 
the in v i t r o cul ture of excised anthers , i so la ted pollen and 
pro top las t s , chromosome el iminat ion by cul ture of young 
embryos, and in v i t r o parthenogenesis. 
The androgenesis, e i t h e r through anther or i sola ted 
pollen cu l tu re , i s l ess time consuming besides being very 
e f f i c i e n t than other methods of haploid production. 
The History of inducing haploid by androgenesis goes 
back to Tulecke (1953)» who succeeded in growing a haploid 
ca l lus from the pol len of Ginkgo biloba (Gymnosperm), when i t 
was cultured in v i t r o . Ifowever, i t has not been possible to 
regenerate p lan ts from such a c a l l u s . La Rue (1954) cultured 
the male and female gametophytes of some gymnosperms on 
asep t ic media, and showed tha t these were capable of unusual 
growth by repeated mitot ic d iv is ions of the pol len or ovular 
nucel lus . The nucel lar t i s sue regenerated shoots and roo t s . 
Inspi te of t he i r sporophytic appearance these s t ruc tu res were 
haploid. The work of Tulecke (1959) and Tulecke and Sehgal 
(1963) es tabl i shed tha t pol len grains under 1^ v i t r o conditions 
can be manipulated to bypass t h e i r primary role of forming 
sperm, and instead can be induced to form haploid t i s s u e . 
Ckjha and Maheshwari (1964, 1966) reported the d i r e c t 
development of embryos from microspores of Datura innoxia by 
the cul ture of excised anthers . Later, Bourgin and Nitsch 
(1967) obtained complete haploid p lants of Nicotiana tabacum. 
Since then there has been a s t ead i ly increasing information of 
haploid production from anthers cultured in v i t r o . 
Kameya and Hinata (1970) observed the formation of c e l l 
c l u s t e r s in mature pollen grains of Brassica. Later Sharp 
e t a l . (1970) with Lycopersicon esculentum. Pa l i e t i e r (1973) 
with Nicotiana tabacum stimulated colony formation by the nurse 
cul ture technique. However, only in the case of N. tabacum 
complete p lan t could be obtained using Petunia ca l lus t i s sue 
for nursing. 
In some cases probably the growth inhib i tory substances 
leaking out from the degenerating anther t i ssue may r e s t r i c t 
the production of haploids from an thers . However, th i s problem 
can be overcome by cul tur ing i so la ted pol len. The other pa r t s 
of anther (connective, anther wall , and fi lament) may a l so 
compete to develop c a l l u s . So i so la ted pol len cul ture i s 
the a l t e rna t ive to avoid ca l lus ing from these p a r t s . Isolated 
microspore cul ture presents a l l the advantages of anther cul ture 
plus many more, as well as the number of p lants obtained i s 
higher and time required to produce them i s shor te r . Thus, 
considering the importance of anther and pollen cul ture in 
basic genetic research and p l an t breeding, Moringa o l e i f e ra 
Lam. Sahenjana (Moringaceae) a genus of considerable economic 
importance was selected for present study, 
Moringa i s cu l t iva ted mainly for i t s tender pods used 
as vegetables and tha t p lan t raised through seeds bear f r u i t s 
of in fe r io r qua l i ty . Keeping t h i s in mind and rea l i z ing the 
importance of Moringa the anther cul ture s tudies have been 
carr ied out . 
RSVIEW OF LITBRATURB 
The e a r l i e s t contribution about the anther culture i s 
the work of Shimakura (1934), who grew the microspore mother 
c e l l s of Tradescantia a t metaphase-1 in a sucrose solution 
and reported that 20~UO9i developed into tetrads. Gregory 
(1940) cultured the anthers of Datura stramonium. lycopersicon 
esculentum and Lilium longiflorum at various stages of develop-
ment. The anthers of Lilium only excised at the archesporial 
or sporogenous t issue stage showed s<nne growth, which was 
similar to that in vivo. Gregory (1940) concluded that the 
in i t ia t ion of meiosis i s not vested in the mother c e l l s them-
selves but i s probably governed by an interplay of one or more 
materials transported to the anther, Taylor (1950) studied 
the differentiat ion of sporogenous tissue and the formation of 
microspores in Trade scantia paludosa. The anthers were excised 
a t stages ranging from early sporogenous t issue to the 
cOB^letion of meiosis in spore mother c e l l s and cultured in the 
nutrient media supplemented with B-vitamins,coconut milk and 
lAA, He (1950) observed that younger anthers required longer 
period to undergo differentiation in culture. Those excised 
during the formation of the sporogenous tissue showed a grada-
tional development but fai led to in i t i a t e meiosis. Anther 
excised at preleptotene and leptotene gr^w only to a limited 
extent whereas those cultured a t the zygotene-pachytene stage 
coBjpleted meiosis. When the anthers were excised a t the 
tetrad stage, the microspore nucleus divided, but even so the 
pollen grains fai led to mature. Beatty and Beatty (1953) 
reported that a period of 7 days elapses betvieen the in i t ia t ion 
and completion of meiosis in T, paludosa. Vi^lker and Dietrich 
(I96la,b) showed that this period could be curtailed to l e s s 
than 2 days i f the anthers were excised a t mid diplotene and 
cultured in a sucrose-deficient medium. Sparrow e t a l , (1955) 
excised the anthers of Trillium erectum at pachytene to 
diakinesis stages, and cultured on Taylor's modified and Bonner*s 
basic medium supplemented with coconut milk. An average of 
769t of the anthers attained the stage of divis ion of the 
microspore nucleus. Media sixpplemented with case in hydrolysate, 
yeast extract and glutamic acid were l e s s satisfactory and only 
27?^  of the anthers progressed to the division of the microspore 
nucleus when cultured a t pachytene, diplotene and diplotene-
diakinesis s tages . An average of only 22fi of the anthers 
cultured a t the pachytene stage survived through microsporoge-
nes i s . If excised a t later stages of prophase (diplotene-
diakinesis) , the anthers showed 67^ survival. Thus, the anther 
survival depends on theHtage of meiotic prophase a t which 
culturing begins. Vasil (1957b, 1959b, 1963) excised the 
anthers of Allium cepa and Rhoeo discolor a t the leptotene, 
^gotene and diplotene-diakinesis stages. In Allium cepa the 
development progressed upto one cel led microspore stage on 
media siq)plemented with GA^  and Kinetin. In media supplemented 
with Ftt4A almost a l l the microspore mother c e l l s formed tetrads 
in Alliim cepa as well as in Rhoeo discolor. However, in 
e i ther case the development did not proceed beyond one cel led 
microspore stage, when the medium was supplemented with the 
four nucleotides of RNA (Adenylic Acid, Guanylic acid, 
cyst idyl ic acid uridylic acid in rat io of 1:9:0,750.7) the 
microspore developed into two cel led pollen grains. Vasil 
(1963) undecisively obtained the diploid cal lus t issue from the 
base of the filament attached to the anthers of CaJanus cajan 
when cultured on white's medium supplemented with ^2,5%t 25% 
or 37% coconut milk, tfalker (1957) studied the e f fec t of 
colchicine on mlcrosporogenesis in the excised anthers of 
Tradescantra paludosa. when cultured a t the pachytene-diplotene 
stage. Colchicine (fi,0^%) promoted the formation of dyads and 
tetrads. The anthers cultured a t metaphase-1 in a medium 
containing colchicine (0.19() resulted in the formation of 
monads. 
Yamada e^ a l . (1963) reported the i so lat ion of a haploid 
angiosperm tissue from the anther culture of Tradescantia 
reflexa. Guha and Maheshwari (1964) cultured the anthers of 
Datura innoxia in Nitsch's or white's minerals and 2% sucrose, 
siqpplemented with different growth substances and fru i t Juices 
singly or in combination and reported the production of green 
polyco-tyledonous and dicotyledonous embryoids with root and 
shoot axes. However, they could not confirm the origin of the 
embiyoids and suggested that e i ther the embryoids had developed 
from the connective tissue or from pollen, grains, I^ter C?uba 
and Maheshwari (1966) cultured the anthers of Datura innoxia 
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on Nltsch medium containing 2% sucrose and coconut milk, 2 , ^ D , 
Ikk, ¥xi, CH and YE and produced embryoids and seedlings. 
Cytological studies by acetocarmine preparations showed that 
the embryoids and seedlings arose from pollen grains because 
they a l l showed a haploid number of chromosomes (n"12)« They 
(1967) cultured the anthers of D, innoxia and D, stramonium on 
Nitsch*s basal medium and Heller's and Torrey's medium. The 
formation of embryoids and seedlings occuri?ed only on Nitsch 
medium. Konar and Natraja (1965) excised the anthers of 
Ranunculus scleratus and cultured on White's basal medium 
supplemented with CM and 2,V-D. The callus obtained originated 
from connective tissue and not from pollen grains, Bourgin 
and Nitsch (1967) successfully cultured the anthers of 
Nicotiana tabacum and N, sy lves tr i s and obtained mature haploid 
plants. Guha e t a l . (1970) cultured the anthers of Oryza 
sativa sub species Indica on the Blayde's mediiyn supplemented 
with lAk, 2.4-D»Kh, Y£ and CM. Anthers were planted at various 
developmental stages. The anthers containing uninucleate 
microspores responded well to the culture medium and pollen 
grains developed into pollen embryoids. In the presence of 
CM i^5%) and YE (lOCX) ppm), c e l l s were stimulated to divide 
but the addition of 2 ppm each of lAA and 2,4-D and 1 ppm Xh 
further stimulated mitotic divisions and therefore, this 
complex medium was employed for promoting active divisions 
inside the pollen. Two or three weeks after planting, some 
pollen grains started enlarging and became two to three times 
their i n i t i a l volume and got embiryoids. They were transferred 
to fresh meditun devoid of aiucin since without transfer they 
did not grow further. In the new medium they resumed their 
growth and eventually gave rise to haploid seedlings, 
Tanaka and Nakata (1969) obtained diploid plants from 
haploids by treating with colchicine while s t i l l the plant lets 
were emerging from anthers. 
Nitsch e t a l , (1969) obtained mutants by subjecting young 
plant lets (while emerging from anthers) to various doses (1500-
3000 iTads) of Gamma irradiation. These plants showed a high 
proportion of abnormalities in shape, size* colotar of flower 
and some of them were Chimera. Similarly Devreiox and Saccardo 
(1971) subjected flower buds of Nicotiana tabacum cv, virgine 
Bright to X-rays (lOOO R)> and the excised anthers were subse-
quently cultured. Bajaj e t a l . (l976a) reported the use of 
cryopreservatlon for haploid c e l l s and t issues employing anther 
culture technique. 
Tulecke (1953) f i r s t succeeded in growing a haploid 
callus from the pollen of Ginkgo biloba ((Jymnosperm) in v i t ro . 
However, i t has not been possible to regenerate plants from 
such a ca l lus . Lateron experiments with Ephedra fol iata 
(Kbnar, 1963), Torreya nucifera (Tulecke and Sehgal, 1963)» 
Cupressus (Razmologov, 1973) and Pinus (Bonga, 1974; Bonga and 
Mclnnis, 1975) demonstrated that isolated pollen can be induced 
10 
to change I t s primary role of germination to give rise to pollen 
tube and sperms. Instead, i t s mode of development can be 
diverted to produce haploid t i s sue . 
Kameya and Hlnata (1970) used a hanging drop method to 
culture Isolated pollen of Brassica oleracea and B. oleracea x 
B. alboglabra. Cell clusters were formed from isolated pollen 
after 4 weeks In a medium containing coconut milk. Sharp e t a^. 
(1972) using a Nurse Culture Technique induced isolated pollen 
of Lvcopersicon esculentum to form haploid ca l lus . Nitsch and 
Norreel (l973a) reported that trauma given to pollen at the 
time of f i r s t mitosis considerably enhanced tiie number of pol len 
c e l l s tmdergoing androgenesis. They succeeded in inducing 
embryo formation by subjecting Datura innoxja pollen to low 
temperatures (4°C for ii8 hrs) and then growing them in a liquid 
medium. Nitsch and Norreel (l973b) further reported to have 
improved ttie eff ic iency of androgenesis by growing isolated 
pollen in a medium supplemented with water extract from anthers 
undergoing androgenesis. Debergh and Nitsch (1973) reported 
similar results with tonato. 
Nitsch (l97Aa) substituted a ful ly synthetic medium for 
the anther extract and obtained plant lets from Nlcotiana 
tabacum. Similar success has a lso been achieved in potato 
(Sopory, 1977), Hyoscyamus niger (Vfemicke and Kbhlenbach, 1977), 
Datura innoxia (Sangwan and Norreel, 1977), Ca.janus cajan 
(Bajaj e t a l . , i9B0b) and rye (Wsnzel e t a l . , 1975). 
11 
The technique of Nurse culture of Sharp e^ a l . (1972) 
has been considerably modified and refined to obtain high 
percentages of pollen embryogenesis in rye (lifenael e t a l , ,1975) 
pollen suspension by purifying and separating the viable 
microspores. Rashid (1961) reported that androgenesis can be 
induced abinit io pollen cultures of tobacco. 
The androgenetic haploids and callus t i ssues obtained 
in several species are given in the table-1 . 
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TECaflllQUES INVOLVED IN ANDROGBNESIS 
Followizig steps are Involved In obtaining successful 
androgenesis. 
Source of experlaental Materials 
Anthers are excised fr(»i flower buds of plants cultivated 
or growing wild. In case of isolated pollen culture the anthers 
are dissected to get pol lens. 
Surfaoe s t e r i l i z a t i o n of flower buda 
Unopened flower buds are put in beaker and v^shed 
•ttioroughly under running tap water for about half an hour. 
They are treated with 5% Teepol (BDH) for 5 minutes and the 
container i s continuously shaken, followed by washing of buds 
in d i s t i l l e d water. 
The flower buds are surface s t er i l i zed e i ther by freshly 
prepared chlorine saturated d i s t i l l e d water or 0,1?S solution 
of Mercuric chloride or Sodium hypochlorite e i ther saturated 
or a t various di lut ions , for definite period and during this 
period the container i s regularly shaken. After s t er i l i za t ion 
the buds are thoroughly washed with s t er i l i zed double d i s t i l l e d 
water by giving a t l eas t 4 to 5 washings each of 3 minutes 
duration, ^he s ter i l i zed buds are then kept in s ter i l i zed 
d i s t i l l e d water t i l l the inoculation i s completed. 
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In case of Isola ted pol len cu l tu res the pollens are 
taken from s t e r i l i z e d anthers or from anthers a f t e r cu l tur ing 
4 to 5 days on s t e r i l i z e d n u t r i e n t media. 
Inocultm and inoculfttion 
Anthers are excised trcm the s t e r i l i z e d flower buds of 
var ious developmental s tages with the help of needles and 
forceps. The filament of the stamen i s cu t and the anthers 
are placed on desired s t e r i l i z e d n u t r i e n t medium. Generally 
3 to 4 anthers from a bud are inoculated in each cul ture tube 
and one anther i s fixed to know the developmental stage of the 
pol len a t the time of inocula t ion. 
Microspores are i so la ted from freshly s t e r i l i z e d or 
previously cultured an thers . The i so la ted pol lens are cul tured 
by Hanging drop method as used by Kameya and Hinata (1970). 
This method involves placing a drop of medium containing 30-80 
grains on the cover g l a s s , which i s then inverted over^l cavity 
s l ide and sealed with para f f in . Before inver t ing the cover 
g l a s s , a CO limn of paraff in i s ra ised in the cen te r . So t h a t 
when inver ted, i t touches the bottom of the cavi ty s l i d e . This 
f a c i l i t a t e s the ae ra t ion as well as the movement of the pol len 
when the s l ide i s ro t a t ed . 
The other method used by Sharp e t a^. (1972) for 
i so la ted microspore cul ture i s the *Nurse cu l ture Technique*. 
In t h i s method, the anthers are placed hor izonta l ly on top of 
the basal medium within a French square conta iner . A f i l t e r 
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paper disc i s placed over the intact anther and about 10 
pollen grains (in suspension) are then placed on the f i l t e r 
paper disc . 
The instruments to be iised are placed in instrument 
box and s ter i l i zed by autoclaving. The s t er i l i zed instnaments 
are used t i l l the inoculation of anthers or microspores. The 
instruments once used in the excision operation are not 
u t i l i zed again without res ter i l i za t ion . 
Culture Madift : 
Stock solutions of various ingredients of nutrient 
media are prepared by using " Analar" grade of chemicals of 
high purity and standard makes e .g . B.D.H., Sigma, E. Merk, 
Fluka, SRL, and Centron e t c . , and glass double d i s t i l l e d water, 
and are stored a t 16^C in a refrigerator. The stock solutions 
are used within specif ic periods mentioned below from the date 
of their preparation. 
Inorganic Mineral Salts including Iron 30 days 
Amino Acids and Vitamins 10 days 
AuDcins, Cytokinins and other growth substances 7 days 
Pe-Nag-EDTA solution i s prepared by dissolving 557 mg 
PsS0..7H^0 (Perrus sulphate in 100 ml warm solution containing 
745 mg Na.EDTA (Disodium ethylene diamine Tetra-cetate) in 
glass double d i s t i l l e d water. Minor s a l t s trace i s prepared 
as follows for 100 ml stock. 
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^3203 6.2 mg/1 620 mg 
Mn30^.4I^0 22,3 mg/1 2230 mg 
ZnSO .^41^0 8.6 mg/1 860 mg 
KI 0.83 mg/1 83 mg 
Na2Mo0 .^2H20 0.25 mg/1 25 mg 
CuSO^.51^0 0.025 mg/1 2.5 mg 
CoCl2.6l^0 0.025 mg/1 2.5 mg 
The pH of a l l the media Is adjusted (before adding 
sugar and s t er i l i za t i on ) with KDH and HCl by a standard pH 
meter. 
Culture vesse ls of coming glass are thoroughly cleaned 
with leepol before use. 
80 ml and 40 ml of nutrient media are dispensed in each 
250 and 100 ml capaci-ty wide mouth Erlenmeyer Flasks respec-
t ivelyt and 20 ml in each 150 x 20 mm culture tube. 
Sterilizgttion of nutrient media e t c . 
Nutrient media, instruments, beakers, petridishes, 
d i s t i l l e d water e t c . are s t er i l i zed by autoclaving a t 1.08 kg/ 
2 
cm for 15 minutes. 
Incubation of cultures 
Five replicate cultures for each treatment are incubated 
in a culture room under 2000 Lux fluorescent l i gh t for 14 hours 
in a day except in special experiments (mentioned otherwise). 
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Temperature and humldl-ty of the cul ture room are maintained a t 
27 • 1°C and about 70Ji r e spec t ive ly . Cultures are a lso 
incubated in complete dark inside incubator a t desired tempe-
r a t u r e s . The period of incubation i s mostly varied from 30 to 
45 days according to the need of experiment. 
MicrotOMy of cul tured anthtrs 
»^ Fixative s Experimental mater ia l s are fixed in F.A.A. 
i i . Babedding. sectioning and stalnin/g 
Standard method of Paraff in embedding i s followed for 
his-tological s t u d i e s . Ethyl a lcohol -xylo l s e r i e s i s used for 
dehydration and i n f i l t r a t i o n . 
Sections of favourably responded anthers are cut a t 
10 Mm thickness . They are processed and s ta ined , and permanent 
s l i de s are made with the help of Canada Balsam. 
Preparation of s t a i n 
Delafields haematoxylin and safrenin are used as 
d i f f e r en t i a t i ng s t a i n s . Haematoxylin s t a i n i s prepared by 
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mixing the following ingred ien ts . 
Saturated so lu t ion of alluminium alum 400 ml 
4 GUram Haematoxylin dissolved in Ab.alc . 30 ml 
Glycerine (Pure) 100 ml 
Methyl a lcohol 100 ml 
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The prepared solution of haemotoxylin Is kept for two 
mon-Uis to mature before I t s use. 
Safranln stain Is prepax^d hy dissolving seperately 
1 gram safranln each In 1CX) ml alcohol and 100 ml d i s t i l l e d 
water and f inal ly mixing the two solutions. 
Haematoxylln iU%) Is prepared by dissolving I t In i*5% 
acet ic acid followed by the addition of 19^  Iron alum (1 gram 
Fernis ammonium sulfate dissolved In 100 ml d i s t i l l e d water) 
and kept over night. The bottle containing the s ta in Is 
wrapped with black paper and kept In a refrigerator. 
For cytologlcal studies anthers are pretreated with 
saturated solution of p-dichlorobenzene for two hours* washed 
thoroughly and fixed in a freshly prepared 1:3 acet ic acid: 
alcohol for 15 hours. They are then washed thoroughly with 
water and hydrolysed in IN HCl for 10 minutes and are f inal ly 
washed and stained wit^ aceto haematoxylln. 
NUTRITIONAL IfflQUIRBMENTS FOR ANDHPGEaJBSIS 
For successful development of haploid ca l lus or embryoids 
from anthers or i so la ted microspores i t i s e s s e n t i a l to know 
about n u t r i t i o n a l requirements to induce androgenesis in v i t r o . 
The stage a t which anthers are excised or pol lens are cultured 
and the composition of n u t r i e n t medium are the two main fac tors , 
which are responsible for successful androgenesis from anthers 
and i so la ted microspores. The physiology and biochemistry of 
pol len gra in reveal t ha t from microspore to pol len grain forma-
t ion there are ce r t a in biochemical processes which lead to the 
formation of abnormal s t r u c t u r e s . I t i s a l so obvious t ha t a t 
d i f fe ren t stages of anther development d i f fe ren t ingredients are 
required. According to v a s i l (l973b) the anthers cultured a t 
microspore stage for the production of haploid ca l lus or 
embryoids seem to have simpler n u t r i t i v e requirements than the 
anthers cultured during meiosis for successful completion of 
meiotic d iv i s ions . 
Basal media (Table-2) of White (1943), Murashige and 
Skoog (1962) Nitsch and Kitsch (1969) and Schenk and 
Hildebrandt (1972) with s l i g h t modifications and the addi t ion 
of growth regula tors have been used. The normal l eve l of 
sucrose i s 2-494. However, Nicotiana tabacum cv. Badischer-
Burley (Clapham, 1971), tomato (Sharp e t a l . , 1971a) and wheat 
(Otyang et a l . , 1973) anthers have been observed to grow be t t e r 
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on media with 6-12?^ sucrose which shows an osmotic e f fec t r a the r 
than a need for a higher carbohydrate l eve l . Some species need 
only a ra ther simple medium to produce haploid p lan t s (Nitseh, 
1969). Nitsch (1969, 1971, 1972) showed tha t in Nicotiana and 
Datura proembryos can be produced on 2% sucrose in d i s t i l l e d 
water alone. However, the percentage of anthers producing 
embryoids was considerably small and t h a t the embryoids did not 
develop beyond globular s tage . The e f fec t of glucose on the 
development of somatic embryos of ca r ro t (Homes, 1967) was 
found to be negat ive. On the other hand the pos i t ive e f fec t of 
a high concentration of myo-inositol has been shown by Norreel 
and Nitsch (1968). 
The other important ingredient of the medium i s i ron , 
which plays a very important role and i s indispensable. Although 
androgenesis can be i n i t i a t e d in tobacco without any iron 
source but the proembryos do not develop beyond the globular 
s tage . Chelating agent such as Pe EDTA (Nitsch, 1969) and 
Pe EDDHA (Rashid &^Street, 1973) are more e f f i c i e n t than 
f e r r i c c i t r a t e as the source of i ron . 
The n u t r i t i o n a l requirements of the excised anthers are 
much simpler than those of i so la ted microspores. In the 
i so la ted microspores i t i s obvious t ha t c e r t a in factor responsibl 
for the induction of androgenesis vAiich might have been provided 
by the anther , are missing and these have to be provided through 
the medium. This i s ce r t a in ly the case in tobacco, where excised 
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anthers can be cultui^ed s u c c e s s f u l l y on a simple basal medium, 
white the i s o l a t e d microspores require higher amounts of 
ni trogen in the form of amino ac ids (Nitsch, 197A; Reindert 
e t a l . . 1975). Glutamine added to the basal medium stimulated 
the development of i s o l a t e d microspores into embryoids and c a l l u s , 
Asparagine threonine and lys ine did not give any growth. 
The p a r t i a l success of nurse culture technique for the 
production of haploid p lants from tomato (Sharp e t a^., 1972) 
and Nicotiana ( P e l l e t i e r , 1973) suggests that the microspore 
bene f i t s for i t s development from nutr ients or ig inat ing from 
the anther t i s s u e . This hypothesis was confirmed by Reinert 
and Bajaj (1972) and they succeeded in growing i s o l a t e d micro-
spores of Datura innoxia on medium conditioned by an aqueous 
e x t r a c t of embryogenic anther t i s s u e . Analysis of such ex trac t s 
has shown the importance of another amino ac id namely serine 
for the development of proembryo (Nitsch, 1974a,b) . Thus a 
completely defined medium has been proposed for the production 
of haploid p lan t s through in v i t r o culture o f i s o l a t e d micro-
spores . The basal medium i s the c l a s s i c a l medium used for 
an-ttier culture s a l t s mineral, 
KNO^ 950 ml/1 
NH^NOj 725 mg/1 
MgSO^,7H20 185 mg/1 
CaClg 166 mg/1 
KH2P0^ 68 mg/1 
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Iron (Pe SDTA) 5 ml/1 
Sucrose 29< 
m-inosi tol 2.5xlO~^M 
Glutamine 5xlO"^M 
Serine 10~^M 
The s t e r i l i z a t i o n i s done ty f i l t r a t i o n . An average 
of 9?^  of the pol len of Nicotiana tabacum developed in to 
p l a n t l e t s in t h i s medium. In p lan t s such as tobacco (Nitsch, 
1969) and Atropa (Rashid & S t r ee t , 1973) complete androgenesis 
can be obtained on simple media. But in most cases a ce r t a in 
balance of auxins/cytokinins or complex addi t ives such as casein 
hydrolysate, yeas t ex t r ac t , coconut milk and other ex t r ac t s 
have to be incorporated in to the medium. These observations 
support the assumption tha t the requirement for auxin and 
cytokinln depends on the i r endogenotis l eve l in the an-ttier. 
Media r ich in growUi regula tors encourage the p r o l i f e r a -
t ion of t i s sues other than microspores ( i . e . anther wall , 
connective and fi lament) and therefore higher concentrat ion of 
growth regula tors should be avoided. Because in such cases 
mixed c a l l i with c e l l s of d i f f e ren t ploidy leve ls are obtained 
(Nishi & Mitsuoka, 1969; Devereux e^ a l , , 1971; Narayanaswamy & 
Chandy, 1971; Sngvild e t a l . , 1974; Wanger & Hess, 1974). 
Incorporation of act ivated charcoal in to the medium has stimu-
la ted the induction of androgenesis in tobacco anthers 
(Anagnostakis, 1974). Bajaj e t a l . (1976) has shown tha t the 
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percentage of androgenic anthers in Nicotiana tabacum cv. 
Badischer^Burley can be ra ised from k^ to 919^  by the addi t ion 
of ac t iva ted charcoal (2%) to the mediiim. However, i t seems 
t h a t charcoal can^ a l so cause small increases in the induction 
of diploid p l a n t s . S t i l l s a t i s f ac to ry expla inat ion can not 
be given a t present for the st imulatory e f f ec t of charcoal . 
I t seems l ike ly t h a t i t might be responsible for removal of 
inhib i tory substances from the medium, Fridborg and Eriksson 
(1975) have observed tha t charcoal enhances the induction of 
androgenesis in c e l l suspension of ca r ro t , where embryo forma-
t ion can not normally be induced by the omission of auxin from 
the medium (fteinert, 1968), Charcoal might be removing auxin 
from the medium. Charcoal induces androgenesis in tobacco, 
while i t i s not effect ive in Atropa belladonna and Petunia 
hybrlda (Bajaj unpublished). 
In l a s t i t can be concluded t h a t the n u t r i t i v e requ i re -
ments of anther and i so la ted microspores from the same species 
d i f f e r within themselves for androgenesis, and also vary from 
species to species , depending on experimental techniques and 
conditions used for the incubation of c u l t u r e s . 
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TabIe-2. The composition of some basal media commonly used 
for the cul ture of excised an thers . 
Macronut r ien ts 
Ca(N03)2AH20 
KNO3 
NH^N03 
KCl 
KH2PO4 
NaH2P04.4F^0 
CaCl2.2H20 
MgSO^.yHgO 
NagSO^ 
Micronutrlents 
PeSO^.71^0 
Na2EDTA 
MnSO^.41^0 
H3BO3 
ZnSO^.41^0 
Na2M0^.2I^0 
KI 
CuSO^.SHgO 
COCI2.6H2O 
Organic 
Bio t in 
Glycine 
I n o s i t o l 
N i c o t i n i c a c i d 
Pyr idoxine HCl 
Thiamine HCl 
F o l i c a c i d 
Sucrose 
White 
(1943) 
Murashige 
and Skoog 
(1962) 
Ni t sch 
and 
Ni t sch 
(1969) 
Concen t ra t ion msc/ l i ter 
288 
80 
65 
19 
737 
200 
2 . 5 
6 .7 
1.5 
2 .2 
0 .75 
3 
0 .5 
0.1 
0.1 
10000 
1900 
1650 
170 
440 
370 
27 .8 
37 .3 
22 .3 
6 .2 
8 .6 
0 .25 
0.83 
0.025 
0.025 
2 
100 
0 .5 
0 .5 
0.1 
30000 
950 
720 
68 
166 
185 
27 .8 
27 .8 
2 5 . 0 
1.0 
1.0 
0 .25 
0.025 
0 .05 
2 
100 
5 
0 .5 
0 .5 
5 
20000 
Schenk and 
Hi ldebrand t 
(1972) 
2500 
300 
200 
400 
5 
10 
5 
1 
0.1 
1 
0.2 
0.1 
0.5 
0.1 
20000 
PHYSIOLOGY AND BIOCHEMISTRY OF ANDROGENESIS 
Since the segregation of characters and formation of 
microspores take place in an thers , the anthers occupy very 
important place in the l i f e of angiosperms. That i s why an 
understanding of physiology of anthers becomes very important. 
The development and physiology of anther can be ea s i l y studied 
by cul tur lng excised an thers . This cul ture technique leads to 
the formation of embryo l ike s t r u c t u r e s , new p o s s i b i l i t i e s and 
behaviour of pollen grain development under ce r t a in condi t ions , 
by which we can conclude the biochemical processes responsible 
for the abnormal behaviour, 
Nemec (1896) studied some microspores in the pe ta lo id 
anthers of I^acinthus o r i e n t a l i s and observed t h a t microspore 
nucleus underwent three consecutive mitot ic d iv is ions to give 
r i s e to 8 nucleate embryosac-like s t ruc ture and therefore have 
been cal led as pollen embryosacs. Similar pol len embryo sacs 
produced from normal pollen grains were reported by Stow (1934) 
and Naithani (l937) in Hyacinthus o r i e n t a l i s and by Gei t l e r 
(1941) in OmitogaliMn nutans. Stow (1934) found t h a t when the 
pol len embryosacs of Hyacinthus were placed on agar medium 
together with some normal pol len g ra ins , the pol len tubes formed 
by the l a t t e r coi led around the former. In one instance a male 
gamete was observed enter ing the pol len embryosac and another 
pollen embryosac showed 16 nuc l e i , presumably the products of 
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div is ion of a t r i p l e fusion nucleus. Stow (193A) concluded 
t h a t a l l pollen grains are po t en t i a l l y capable of assuming 
e i t h e r the male or female form, and tha t normally the 'male 
potency* i s dominant, some times the female potency ge ts the 
upper hand owing to a re lease of necrohormones. 
Naithani (1937) t rea ted the p lan t s of Hyacinthus 
o r i e n t a l i s for ea r ly flowering and confirmed t h a t some of 
the microspores developed in to pol len embryosacs. He (1937) 
believed tha t temperature i s decisive factor in the formation 
of such s t r u c t u r e s . Another i n t e r e s t i ng case of the formation 
of embryosac l ike strxictures was described in the anthers of 
Lsptomeria b i l l a r d i e r i i (Ram, 1959). No normal pol len gra ins 
were formed in the anthers , instead some of the sporogenous 
c e l l s enlarged, became vacuolated and underwent three nuclear 
d iv is ions to produce 8 nuc le i , which organize in to embryosac 
l ike s t r u c t u r e s . I t i s not known whether the f i r s t d ivis ion of 
the sporogenous c e l l nucleus i s meiot ic , or a l l the d iv is ions 
are mi to t i c . The ploidy of the nucle i produced, therefore , 
i s not known. Gregory (19A0), Sparrow g t al,. (1955) and Vasi l 
(1957b) observed t h a t anthers f a i l to develop in cul ture xjnless 
excised a t or a f t e r a p a r t i c u l a r stage of development, usually 
pachytene or d ip lo tene-d iak ines i s . Presumably ce r t a in 
substances are produced in anthers or are t ransfer red to them 
from other regions of the p l an t a t pachytene or a t d ip lo tene-
d iakines is and anthers excised before the a r r i v a l of these 
substances degenerate with in a shor t time. 
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Gregory (1940) performed some graf t ing experiments 
to prove the t rans loca t ions of ce r t a in chemical substances. 
He (19A0) cultured small branches of tomato p lan ts bearing 
flower buds a t d i f fe ren t developmental s t ages . In branches 
containing anther a t premelotic s tages , no development was 
observed while normal development occurred in the buds of 
those branches in which meiosis had already i n i t i a t e d . However, 
when branches bearing premeiotic anthers were grafted on the 
healthy flowering s tocks, normal pol len developed in the flower. 
This experiment c l ea r ly show t h a t meiosis i s control led by 
substances which a r r ive in the anthers a t the beginning of 
meiosis . By cul ture technique i t i s possible to know those 
substance which cont ro l meiosis . Some substances present in 
anther are responsible for the normal d i f f e r en t i a t i on of 
microspores under normal condit ions and when the anther i s 
subjected to ce r t a in condi t ions , the influence of substances 
ex is t ing in anther i s blocked or deranged which lead to the 
formation of abnormal s t ruc ture of microspores l ike ca l l u s , 
embryoids or embryosac l ike stinicture (Pollen embryosac). 
Physiological and biochemical processes responsible for such 
abnormal behaviour of pol len gra in are unknown so far . But i t 
i s known tha t c e r t a i n important biochemical processes take 
place from microspore to pollen gra ins formation, 
Linskens (1959) confirmed tha t DNA does escape in the 
form of nucleot ides and other degradation products from the 
degenerating t ape t a l c e l l s , and i s absorbed by dividing 
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microspore mother c e l l . This po in t s t i l l remains cont rovers ia l 
for Takats (1959) and has c r i t i c i z e d the work of l inskens 
(1959) on the basis of h is own spectrophotometrie and rad io -
photographic inves t iga t ions . I t has been found in Allium cepa 
t h a t DNA synthesis occurs only in the premeiotic microspore 
mother c e l l s and t h a t there i s no synthesis of Wk, During the 
whole of meiosis (Taylor and McMaster, 1954; Moses and Taylor, 
1955), After the completion of the meiotic d iv i s ions there i s 
marked drop in MA content of the nucle i which r i s e s again 
before the mitosis of the microspore nucleus. Invest igat ions 
on t h i s problem indicate tha t DNA synthesis occurs p r i o r to 
each nuclear d iv is ion so as to double the quant i ty before any 
v i s i b l e doubling of chromosomes occurs. On the other hand, 
Vasi l (I959a,b) suggested t h a t i t i s RNA which i s more important 
than DNA for the proi)er development of microspores, Plaut 
(1953) had suggested t h a t meiosis i s dependent upon the supply 
of materials secreted by the t ape t a l t i s s u e , 
Brachet (1950, 1954) suggested t h a t the importance of 
RNA in the physiology of nuclear d iv is ions can not be neglected 
even i f RNA has no d i r e c t role in c e l l d iv i s ion . The intimate 
associa t ion of RNA with nuclear metabolism and s t ruc ture i s 
very, well es tabl i shed (Brachet, 1954; S t em, 1956), Therefore, 
RNA has important role in c e l l d iv i s ion , though there are no 
c l ea r cut evidences but ce r t a in clues are provided by h i s t o -
chemical demonstration of RNA in the spindle body (Brachet, 1950; 
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St ich , 1954) and of va r i a t ions in RNA content of chromosomes 
during mitosis (Ris, 1955; Jacobson & Webb, 1952). I t has been 
suggested tha t during anaphase movement r ibonucleoprotein i s 
l o s t from chromosomes to the spindle body, the physiological 
significance of t h i s loss of RNA, i s not ye t c l ea r . Studies on 
the cul ture of excised anthers have shovm t h a t addi t ion of RNA 
to the nu t r i en t medium helps in a quicker and b e t t e r development 
of microspores without any increase in the incidence of 
abnormali t ies . 
The induction of androgenic development seems to be the 
period beginning j u s t before microspore mitosis and ending soon 
a f t e r the d iv is ion i t s e l f . Synthesis of RNA, DNA and nuclear 
histones takes place in both the vegetat ive and the generative 
nuc le i . However, there i s much less RNA synthesis in the 
generative c e l l . Most of the RNA synthesis takes place in the 
vegetat ive c e l l , and the bulk of i t i s rRNA. Most of the rRNA 
and possibly tRNA a l so sqppear to be synthesize within 24 hours 
before and following microspore mi tos i s , a f t e r which the rRNA 
and tRNA genes are turned off (Mascarenhas, 1971). I t i s 
conceivable t h a t anthers cultured a f t e r these genes turned off 
continue to develop into normal and mature pollen g ra ins , and in 
order to s h i f t the microspores to a sporophytic pa t t e rn of 
development, -ttie anthers should be excised and cultured in the 
period immediately before the rRNA and tRNA genes are turned 
off, and the two c e l l s become determined to embark on a specif ic 
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course of development and fate (Vasil , 1973a). I t i s poss ib le , 
therefore , t h a t higher proport ion of pol len grains reportedly 
developing in to haploid embryoids and p l an t s a f t e r low temp, 
treatment of excised flower buds p r i o r to anther cul ture 
(Nitsch & Norreel, 1973) i s because of general reduction in the 
metabolic a c t i v i t y within anther , making i t possible for the 
accumulation of a large percentage of pol len gra ins a t the 
required stage of development for a switch to the sporophytic 
mode of development. 
In v i t r o formation of embryoids from pol len grains of 
Nicotiana tabacum i s preceded by a period of normal gametophytic 
d i f f e r en t i a t i on as in vivo l a s t ing about 5 days during which 
no s t r ik ing ly obvious s t r u c t u r a l changes take place which 
might point to imminent s h i f t in the developmental pa t t e rn 
(Sunderland & Wicks, 1971; Dunwell & Sunderland, 197Aa), Further 
gametophytic d i f f e r en t i a t i on ceases following t h i s i n i t i a l 
period of apparently normal development of the generative and 
vegetat ive c e l l s . In 7 and 8 days old anther cu l tu re s , zones 
of mul t ives icula te bodies resembling lysosomes appear in the 
cytoplasm of the vegetat ive c e l l , and these areas become 
completely devoid of con t a i n t s by 12 days (Dunwell and 
Sunderland, 1974b), During th i s period ribosomes are v i r t u a l l y 
eliminated from cytoplasm of the vegetat ive c e l l , accompanied 
by changes in the number and s t ruc ture of most other organel les . 
There i s c l ea r evidence, therefore , t h a t much of the gemetophytic 
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cytoplasm i n i t i a l l y present in the vegetat ive c e l l i s degraded 
before tiie f i r s t mitot ic d iv is ion of the sporophytic embryoid, 
the generative c e l l remains unchanged v i r t u a l l y for some time, 
but eventual ly degenerates, Bhojwani e t a l , (1973) reached 
s imi la r conclusions on the bas is of t h e i r cytochemical s tudies 
which showed a lack of accumulation of flNA and pro te in in the 
embryogenic g ra in s . 
jytik bound lysine r ich h is tones , thoi^ght to be act ive 
in gene regula t ion are present in a t r anscr ip t ion-s ippress ing 
form in the highly condensed generative nucle i of Paeonia 
(Sauter, 1969), Even in those cases where the generative c e l l 
divides a few times in v i t r o as in Nicotiana, the daughter 
nucle i r e t a i n t h e i r highly condensed s t a t e suggesting tha t the 
histones remain in an act ive s t a t e , and i t may be for t h i s 
reason tha t the generative c e l l remains quiscent (Sunderland, 
1971), The vegetat ive nucleus and i t s der iva t ives show very 
poor histone loca l i za t ion , indica t ing t h a t I»IA-bound histones 
are absent, or they are present in a s t ruc tua l l y a l te red or 
inact ive form t h a t permits RNA t r ansc r ip t ion . 
ONTOGENY OF AMDRO(£NBSIS 
In vivo« as a result of meiosls in pollen mother c e l l s , 
microspore tetrads are formed, which are eventually released 
in the form of microspores. The newly formed microspore i s 
highly cytoplasmic, with a central nucleus. With the increase 
in volume of the microspore and vacxiolation, the nucleus i s 
pushed towards the periphery. By the f i r s t mitosis , a large 
and diffuse vegetative c e l l and a small dense generative c e l l 
are formed. The former remains quiscent while the la t ter 
divides to form sperms. 
In culture the morphoger»sis of microspores i s altered. 
Depending t^on the composition of medium, the development may 
lead either to the formation of embryoids and/or plant lets , or 
a mass of parenchymatous ca l lus . 
The e a r l i e s t contribution on the formation of embryoids 
from pollen grains of Datura innoxia did not establ ish the 
exact origin and ontogeny of the embryoids (Guha and Maheshwari, 
1964, 1966), They could not ascertain whether the embryoids were 
formed by the divisions of microspore nucleus or from vegetative 
c e l l or generative c e l l or the two male c e l l s . 
I n i t i a l divisions in the microspores have been c r i t i c a l l y 
examined in Nicotiana tabacum (Sunderland and Wicks, 1969, 1971) 
and Datura innoxia (Sunderland e^ a l . , 197A) and three routes 
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to embryogenesis have been d is t inguished. In route A, the 
f i r s t d iv i s ion of microspore i s asymetric, giving r i s e to a 
small generative c e l l and a large vegetat ive c e l l . The haploid 
embryoid i s formed by repeated divis ions in the vegetat ive 
c e l l . The generative c e l l may or may not divide fur ther , but 
degenerate eventual ly . In route B, the microspore divides 
in to two c e l l s of equal s i z e . The embryoid i s formed by 
d iv is ions in one or both the c e l l s . When there i s nuclear 
fusion, a d iploid embryoid i s obtained by t h i s rou te . In route 
C, the f i r s t d iv i s ion i s asymetric, but the generative c e l l a l so 
p a r t i c i p a t e in embryogenesis. Variat ions of route C can lead 
to the production of t r i p l o i d and other tjrpes of pol3rploid 
embryoids (Sunderland, 1974), I r respect ive of the nature of 
f i r s t pol len mi tos i s , there are two modes of androgenesis, the 
d i r e c t and the i nd i r ec t . 
Direct androgenesis : In t h i s type the microspore behaves 
l ike a 2ygote and undergoes various various stages of embryogeny 
simulating those in vivo, as in Datura. Nicotiana and Atropa 
(Guha and Maheshwari, 1967; Bourgin and Nitsch, 1967; 
Zenkteler, 1971 re spec t ive ly ) , the embryos mostly a t the 
globular s tage , are released from the exine and develop fur ther . 
Final ly the cotyledons unfold and the p l a n t l e t s emerge from 
the anthers in 4 to 8 weeks. 
A2 
Ind i r ec t androgenesis : In con t ra s t to the d i r e c t androgenesis, 
the microspores instead of undergoing embryogenesis, divide a 
few tinws to form a ca l lus which bursts through the anther wall . 
This mode of development takes place in p lants l ike Petunia 
hybrida (Bemhard, 1971), Coffee arabica (Sharp e t a l . , 1973) 
and i s usually caused by complex media, and in cases where the 
po l a r i t y seems to be dis turbed. The ca l lus e i t h e r d i f fe ren-
t i a t e s to form embryos or roo t s and shoots on the same medium, 
or i t has to be t ransferred to another meditm. The ca l lus 
derived p lan t s are mostly undesirable as they exh ib i t genetic 
va r i a t ions and polysemy. 
Besides the development of embryoids, a number of 
abnormalit ies have also been observed in the developing pol len 
g ra ins . Formation of g ian t pol len grains due to accumulation 
of s ta rch i s a regular phenomenon, espec ia l ly in l iquid cu l tu re s . 
The presence of abortive embryoids i s not an unusual fea ture . 
As in Nicotiana (Sunderland and Wieks, 1971), c e l l d iv i s ion 
might occur in hundreds of g ra ins , but only a few a t t a i n 
maturi ty, Quiscent proembryoids in various stages of d i f fe ren-
t i a t i o n and degeneration were p resen t in large number in 
Nicotiana tabacum (Sunderland and Wicks, 1971) and Solanim 
tuberosum (Dun well and Sunderland, 1973). Divisions in the 
pol len might occur, as in Prunus (Ham and Kim, 1972), but 
fur ther d i f f e r en t i a t i on has not been observed. Riqjture of the 
exine caused the vacuoletion of the c e l l s of the embryoids. 
43 
resulting in their early degeneration. Confinement of 
embryoids within exine, and their incubation inside the anther 
cavity i9>to a certain c r i t i c a l stage» appears to be essent ia l 
for normal p lant le t formation, 
Embryoid formation i s a continuous process in several 
species extending ixpto 1? weeks, and a competition among the 
embryoids for the available nutrients can not be ruled out. 
As suggested by Sunderland (I973)t those formed f i r s t may 
utili2se the essent ia l components of the medium for differen-
t ia t ion , whereas the later ones may remain quiscent and then 
degenerate as a consequence of depletion of essent ia l elements. 
Although considerable success has been achieved with the 
culture of pollen, the induction of repeated nuclear and 
ce l lu lar divisions in isolated pollen mother c e l l s (Bajaj, 197Aa) 
and pollen tetrads of Atropa belladona (Bajaj, 1975a) offers an 
alternative approach. The pollen mother c e l l s enclosed by the 
thick callose walls exhibit two types of behaviour in culture. 
They either formed 6-8 additional microspores or they underwent 
repeated divisions to form a multicellular globular embryo 
l ike structure. The frequency of these structures was increased 
i f young anthers were subjected to low temperatures (4®C for 
48 hr) before culture. I t i s presumed that in the pollen mother 
c e l l s in which meiosis had already in i t ia ted , cytokinesis gave 
r ise to tetrads, and by further mitosis , additional microspores 
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were formed. However, i f pol len mother c e l l s were cultured a t 
an e a r l i e r stage (premeiotic) then perhaps mi tos is was induced. 
This assumption i s sub;)ect to cyto logica l confirmation. I f 
such behaviour does occur in anther cul ture then diploid p lan ts 
would be produced by these pol len mother c e l l s and th i s would 
p a r t i a l l y explain the or ig in of diploid p lan t s obtained by 
anther cu l t u r e . 
Like pol len mother c e l l s , pol len t e t r ads of Atropa in 
cul ture have a l so been observed to undergo d iv is ions to form 
5-8 addi t iona l microspores with some microspores containing 
2-3 nuc le i . Even a f t e r 8 months in cu l tu re , the ex t ra micro-
spores were observed to be highly cytoplasmic and healthy. 
The cul ture of meiocytes and t e t r ads also offers a imique too l 
for the study of the antogeny of pol len. The in v i t r o induction 
of repeated d iv is ions a l so r a i s e s questions about the e s s e n t i a l 
role of tapeturn during the ear ly microsporogenesis. 
Eabryoid formation in v i tro 
The in v i t r o development of embryoids from pollen grains 
follows the same p a t t e r n as in sexually produced zygotic 
embryos. Thus, globular , heart-shaped, torpedo-shaped and 
cotyledonary stages of embryoids are seen (Nitsch and Nitsch, 
1969;. Zenkteler, 1971a, b; Iyer and Raina, 1972; Kohlenbach 
and Gteier, 1972; Nitsch, 1972). However, in some cases a ca l lus 
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i s formed f i r s t as in Oryza sativa (Niizeki and Oono, 1968), 
Brassica oleracea (fOameya and Hinata, 1970), Arabidopsis 
thaliana and Lycopersicon esculentmn (Gresshoff and Doy, 1972a, b), 
Embryo ids or plantlets can be obtained by transferring the 
cal lus t issues to media containing appropriate concentrations 
of plant growth substances e .g . auxins, cytokinins and other 
complex growth factors such as coconut milk, casein hydrolysate 
e t c . 
FACTORS INFLUENCING ANDBOCSNESIS 
The formation of embryoids from anthers and i so la ted 
microspores or pollen grains i s influenced by d i f fe ren t 
f ac to r s . Various factors a f fec t d i f fe ren t ly the production 
of embryoids in d i f fe ren t p lant spec ies . Based on experimen-
t a l inves t iga t ions , these fac tors are as follows: 
Genotype 
Genotype i s one of the most important fac tors governing 
the success of in v i t r o induction of haploids. I t has been 
shown tha t various species and c u l t i v a r s exh ib i t d i f f e ren t 
responses in cu l tu re , Gresshoff and Doy (1972a,b) working 
with 43 c u l t i v a r s of Lycopersicon esculentum and 18 l ines of 
Arabidopsis tha l i ana , could induce haploid t i s sues in only 3 
cases each. The same trend was observed in r i ce (Guha & 
Mukherjee, 1973). Likewise out of 21 c u l t i v a r s of Triticum 
aestivum. haploid t i s sue could be obtained from anthers of 
only 10 c u l t i v a r s (Bajaj, 1971a). These s tudies c l ea r ly reveal 
t t e t one of the reasons for f a i lu re in anther cul ture i s 
t h a t most workers r e s t r i c t themselves to one c u l t i v a r and 
abandon the work i f unsuccessful. 
Physiological condit ion and age of the p l an t 
I t has been a general experience tha t the age and 
physiological s t a t e of the p l a n t considerably inflioence the 
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eff iciency of androgenesis. The flo\#er buds from r e l a t i v e l y 
young p lan t s a t the begining of the flowering season are more 
su i tab le for androgenesis than the flower buds taken from 
p lan t s a t the end of t h e i r growing period (Narayanaswamy and 
Chandy, 1971; Anagnostakis, 1974), I t has a l so been observed 
t h a t flower vigor in tobacco i s re ta ined longer i f the p lants 
are I r r iga t ed with Hoagland*s so lu t ion every 2 weeks. In 
Triticum aestivum (Ba;Ja;), 1979) i t was observed t h a t anthers 
taken from f ie ld grown p lan ts were much hea l th i e r and gave 
b e t t e r r e s u l t s than those grown in poorly i l luminated green 
houses. The temp of atmosphere i s a l so an important fac tor . 
Therefore t o ge t b e t t e r r e s u l t s the p l an t s should be grown 
under optimal growth condi t ions , watered with mineral s a l t 
solut ions per iod ica l ly and a l so r e l a t i v e l y young p lan t should 
be used. 
Stage of po l l en 
For induction of androgenesis, the stage of pollen 
development a t which the anthers are cultured may be more 
c ruc i a l than the composition of the nu t r i en t medium. The 
anthers of Datura innoxia (Sopory & Maheshwari, 1976); 
Nicotiana tabacum and Paeonia hvbrida exh ib i t bes t response 
when the pol len were j u s t before, a t or a f t e r f i r s t pol len 
mi tos i s . 
Anthers a t a very young stagi 'and a t a very l a t e stage 
of development are general ly ineffect ive for pol len p lan t 
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development except in Arabldopsis thal lana (Greeshoff and Doy, 
1972a) and Lycopersicon eaculentum (Gresshoff and Doy, 1972b) 
where androgenesls has been Induced a t the pol len t e t r ad s tage . 
In Brass lea (Kauteya and Hinata, 1970) and Ftestuca p ra t ens l s x 
Lolium multiflorum (Nitzsche, 1970) t r inuc lea te pol len respond 
b e t t e r when mature anthers or pol len i so la ted from them are 
cul tured. 
Bajaj (1978a) obtained b e t t e r r e s u l t s a t the binucleate 
stage for i so la ted pol len cu l t u r e . 
Moreover, the stage of pollen i s a lso implicated in the 
ploidy leve l of the p l a n t s . The p l an t s obtained from anthers 
of tobacco (Engvild, 1974), Datura (Engvild e ^ a l , , 1972) and 
Hyoscyamus (Corduan, 1978) cultured a t the uninucleate pollen 
were haploids, whez*eas those obtained from l a t e r stage showed 
various ploidy l e v e l s . 
Anther wall factor(s ) 
The fac t t h a t the embryogenic response of pol len i s 
extremely poor as cooapared to t h a t in whole anther cu l tu re , 
indica tes t h a t the anther wall plays an important role in 
androgenesls. From the avai lable l i te ra t iare i t may be concluded 
t h a t anther wall has both benef ic ia l and inh ib i to ry e f fec ts 
depending on the circumtances. Better responses are obtained 
in pol len i so la ted from precultured anthers than those cultured 
ab i n i t i o . Boiled water ex t r ac t s of cultured anthers have a lso 
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been shown to promote androgenesis from iso la ted pol len in 
cul ture (Nitsch and Norreel, 1973). On the other hand rapidly 
senescing anthers show low responses ( P e l l e t i e r & Ilami, 1972), 
According to Mii (19B0) such anthers as well as the anthers 
tha t might senesce some what more slowly may re lease inh ib i to r s 
tha t i nh ib i t androgenesis (Heberle & Re i n e r t , 1970; Tyagi 
e t a l . , 1979). Transfer of anthers to fresh medium, several 
t imes, r e s u l t s in higher number of pollen embryos (Tyagi e t a l .« 
1979, 1980). This i s probably due to the d i lu t ion of the 
i n h i b i t o r s . 
Pollen dimorphism 
Pollen dimorphism re fe r s to the presence in an anther , 
of pollen of two d i f fe ren t morphologies, which have the 
p o t e n t i a l to develop in to two d i f fe ren t types of generat ions, 
gametophyte and sporophyte. Normally angiospermous pol len i s 
a highly reduced gametophyte and i s destined to produce male 
gametes. Contrary to t h e i r regenerat ion of pol len into an 
e n t i r e p l an t , a haploid sporophyte i s an induced function and 
i s possible only in experimental condi t ions . The pollens 
producing haploids are few in numbers. However, t h e i r numbers 
can be increased by a l t e r ing physiological condit ions of parent 
p l a n t . Pollen dimorphism has been proved in Barley (Dale, 1975) 
tobacco (Homer and S t r ee t , 1978) and wheat (Zhou, 1960), 
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Effect of culture medium 
According to Guha and Maheshwari (1964, 1966) in Datura 
innoxia Nitsch*s basal medium and White's medium gave be t t e r 
responses than did the media of Blaydes or Murashige and 
Skoog's (Sopory, 1972). In Atropa belladonna a f a i r degree of 
success was achieved when anthers were cultured on the Linsmaier 
and Skoog's medium, but the response was negl ig ib le on 
Ni t sch ' s medium ( a n k t e l e r , 1971). 
In Paeonia hvbrida (Sunderland, 1974) Murashige and 
Skoog's medium having high concentrations of major s a l t s was 
found to be be t t e r than the White's low s a l t medium for anther 
cu l t u r e . Chu e t a l . (1975) have shown the benef ic ia l e f f ec t of 
an increased concentration of ammonium for anther cul ture of 
r i c e . Thus einphasizing the need to identify i n f l u e n t i a l 
components of nu t r i en t media for obtaining optimal responses, 
var ious media must be tes ted for a p a r t i c u l a r spec ies , as success 
may depend largely on the choice of the medium and i t s adjuvants. 
Effect of Sugar 
Pel ie t i e r and Ilami (1972) obtained multiple d iv is ions 
in the pol len grains of Datura and tobacco, induced simply by 
excising the anthers and placing them in a humid atmosphere or 
by p la t ing them on agar sucrose p l a t e s (Nitsch, 1969). Sunderland 
(1974) demostrated tha t sucrose i s e s s e n t i a l for androgenesis 
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in Datura Innoxja. Sucrose i s included in a l l the anther 
cul ture media and i s general ly used a t a concentration of 2 to 
U%, However, Ouyang e t a l . (1973) recorded t h a t 6% sucrose 
promoted pol len ca l lus ing and inhibi ted the p r o l i f e r a t i o n of 
somatic t i s sues in wheat. Sopory e t a l . (1978) proved for 
pota to t ha t 6% sucrose was d i s t i n c t l y superior to 2% or 494 in 
terms of the number of anthers forming pollen embryos. 
Effect of Homones 
Although Hormones have been used for pol len cul tures of 
Petunia hybrida (Sangwan &rNorreel, 1975), some workers have 
found t h a t they are not always necessary for embryo formation 
in pol len c u l t u r e s . In Hyoscyamus niger (Raghuan, 1975), 2,4-D 
promotes d iv is ions in pol len g r a i n s . However, the auxin d ive r t s 
the pol len grains towards ca l lus instead of d i r e c t embryogenesis. 
Effect of Charcoal 
Anagnostakis (197A), in case of tobacco cv, Havana 
observed an increase in the y ie ld of androgenic anthers from 
1594 to a maximum of 4594, Further improvement has been achieved 
with cv. Badiscker Bur ley by Ba;)ad e t a l . (1977). In t h i s 
cu l t i va r s the percentage of androgenic anthers increased from 
4194 to 9194 by supplementing the basal medium with 2094 charchoal. 
Similar s t imulatory e f fec ts of charcoal on androgenesis have 
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been observed in Anemone (Johansson & Eriksson, 1977), rye 
(\fenzel e t a l . , 1977) and pota to (Sopory e t a l . , 1978). 
Fridborg and Eriksson (1975) observed t h a t charcoal 
enhances the embryogenesis in c a r r o t whereas normally i t can 
not be induced without omission of the auxin from the medium. 
Similarly they obtained root formation in Allium cepa in 
charcoal medium, although such cu l tu res do not normally produce 
r o o t s . This suggests t ha t auxin i s implicated, Vteatherhead 
e t a l , (1978) on the other hand believe t h a t androgenic 
enhancement in tobacco i s because of absorption of 5 hydroxy 
methylfurfural by the charcoal . This compound i s produced 
during autoclaving of sucrose and i s de l e t e r ious . 
I t seems l ike ly t h a t in p lan ts l ike tobacco, charcoal 
absorbs inh ib i to ry substances and thereby reduces the number 
of p o t e n t i a l pol len embryos t h a t would normally have aborted. 
The use of charcoal i s very promising for enhancement of the 
induction of haploid p l a n t s , a t l e a s t in some species and should 
be extended to o the r s . 
Effect of Amino acids 
In Nicotiana tabacum (Reinert & Bajaj, 1976) glutamine 
was added to the basal medium and allowed the development of 
microspores i so la ted from the an thers , a concentrat ion of 
3x10 ''M on an average produces p lan t s from 2% of the Grains 
per dish, Asparagine, lysine and threonine did not give any 
growth. Hydroxypyroline on the otherhand in preliminary 
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experiments produces p l a n t l e t s a t a concentrat ion of 3x10 -^ M. 
The p a r t i a l success of Nurse cul ture technique for the produc-
t ion of haploid p lan ts from tomato (Sharp e t a l . , 1972) and 
Nlcotiana ( P e l l e t i e r , 1973) pol len suggested t h a t the micro-
spore u t i l i z e s nu t r i en t s o r ig ina t ing frcHn the anther t i ssue for 
i t s development. This hypothesis was confirmed when Re i n e r t 
and Bajaj (1972) succeeded in growing microspore of Datura 
innoxia. i so la ted from the anther on medium supplemented by 
an aqueous e x t r a c t of embryogenic t i s s u e . 
Effect of pH 
Sopory and Maheshwari (1976) determined the effect of 
pH on anther culture in Datura stramonium. The basal medium 
was adjusted to pH 4,5, 5.0, 5,8, 6 and 6.5 with either 0, IN 
HCl or 0,IN NaOH. It was observed that at low and high pH, 
few or no embryoids were produced, with kinetin in the medium 
the percentage of responding anthers increased at all pH values 
except pH 6.5, where the response was zero. The maximum response 
was observed at pH 5,8, 
Effect of physical state of the mediua 
Guha and Maheshwari (1974, 1966) cultured anthers on 
agar gelled media containing salts and sugar according to well 
known formulations of tissue culture media namely those of 
Nitsch and White, along with some growth regulators. The agar 
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gelled media have been found to be successful with nearly 
250 spp responding pos i t i ve ly . 
VfemickB and Rohlenbach (1975, 1976) found tha t cul ture 
of anthers in l iqu id , instead of agar gel led media resul ted in 
higher y ie lds of pollen ambryos. Sunderland and Roberts (1977) 
cultured anthers of Nicotiana tabacum in l iqu id medium a t 
regular i n t e rva l s and obtained higher y ie lds of haploids. 
Effect of posit iwiing of anthers on the aediun 
Sopory and Maheshwari (1976) found t h a t the anthers give 
best response when they are in maximum contact of the medium. 
Effect of Temp. 
In Datura innoxia (Sopory and Maheshwari, 1976) pol len 
embryos are not formed a t a l l a t 20°C or below. The optimum 
tempera ttire for tobacco i s around 25°C, A cold treatment given 
to the flower buds before p la t ing the anthers on nu t r i en t 
medium increases the number of microspores developing in to 
embryos. Up to 589< of anthers yielded embryos i f the buds were 
pre t reated a t 5°C for 72 hours aga ins t 2194 anthers from buds 
maintained a t 22°C for the same period (Nitsch, 197A). Rashid 
and He i n e r t (I981a) revealed t h a t i t i s poss ible to i so la t e 
p o t e n t i a l l y embryogenic pol len from buds or ig ina t ing from 
p lan t s flowering a t 2A°C as well as from plan ts flowering a t 
18 C provided t h a t in both cases the buds are given a cold 
treatment a t 10*^ C p r i o r to i so l a t i on of po l len . However, the 
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buds of 24°C plants required atleast 10 days of cold treatment 
at 10*^ C, whereas the buds of 18°C plants required just 7 days 
of cold treatment. Moreover the frequency of embryogenesis 
was much higher (iq)to 3% of the cultured pollen) in pollen 
cultures originating from plants flowering at 18 C than in 
pollen from plants flowering at 24°C, This indicated that buds 
from plants induced to flower at low temperature had a higher 
frequency of pollen that were preconditioned towards embryoge-
nesis. 
Effect of light 
Light seems to play a role in Induction of haploids from 
pollen. Light enhances the frequency of responsive anthers in 
Datura (Sopory and Maheshwari, 1976) and Solanum tuberosum 
(Sopory et al., 1977). In some genotypes pollen plants can 
develop in light and in the dark, but the frequency of haploids 
formed and the growth of the plan tie ts is better in light 
(Nitsch, 1977). Isolated microspores seem to be more sensitive 
to light than that within anther. In Nicotiana tabaccum pollen 
culture, low intensity white light or red fluorescent light 
favours faster development of embryos as compared to high 
intensity white light (Nitsch, 1977). However, a generalization 
is difficult to make. In other investigations an inhibitory 
effect of red light has been observed (Sopory and Maheshwari, 
1976a). If light does affect androgenesis this could be a 
phytochrome or blue light mediated effect. 
APPLICATIONS OF ANDROGBNIC HAPLDIDS 
Normally the organisms are d ip lo id having double s e t 
of Chromosomes (2n) which are f e r t i l e . Those possess s ingle 
s e t of chromosomes (n) are ca l led haploids. Two maoor types 
of haploids are known (1) Monohaploids, haploids a r i s ing from 
a diploid species and (2) polyhaploids, haploids a r i s ing from 
a polyploid spec ies . Monohaploids are sexually s t e r i l e . 
Polyploids may be sexually s t e r i l e or f e r t i l e depending tqpon 
t h e i r genomic mater ia l (iCimber and Ri l ley , 1963; Magoon and 
Khanna, 1963), Applications of androgenic haploids can be 
studied under following sub heads. 
HcMozygous plants 
By ccxiventional inbreeding and back crossing i t i s 
poss ible to obtain pure l i n e s . But i t i s a time consuming 
process . Itowever, homozygous p lan t s can be obtained in a 
i relat ively shor t time by the production of haploid and by 
doubling t h e i r chromosomes. The diqplication of chromosomes can 
be achieved by a number of methods, some of them are 
(1) endomitosis (2) colchicine treatment and (3) fusion of 
pollen nuclei e t c . 
Cryopreservations of haploid cu l tu res 
Due to the importance of haploid c e l l s in plant breeding, 
mutation and biochemical genet ics research, i t i s highly 
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desi rable to develop methods by which genetic stocks can be 
conserved on a long term b a s i s . This can be brought about 
i f c e l l s are maintained in a metabolic inact ive and non 
dividing s t a t e . Freeze preserva t ion of haploid c e l l s and 
t i s sues (Bajaj, I976a) a t sixper low ten^erature (-196°C) in 
l iqu id nitrogen offers a novel approach to the preservat ion 
of genetic s t a b i l i t y , and t h i s method might prove espec ia l ly 
useful for the establishment of haploid germ plasm banks 
(Bajaj, 1976a, 1978b, d, 1979a,b, 19B1a; Bajaj and Fteinert, 
1977). 
The l imited work done on the regeneration of p lan ts from 
pol len embryos (Bajaj, 1976a, 1977c, 1978c) and excised anthers 
of Atropa. Petunia (Bajaj, 1978b), r i ce (Bajaj, 1980) and 
Primula (Bajajt 19B1b) stored in l iquid ni t rogen has grea t ly 
helped to enhance the optimism tiiat cryogenic methods would be 
a promising approach for the conservation of haploids. 
Pollen embryos and haploid meristem t i p s , which are 
general ly known to be gene t ica l ly s t ab l e , should be preferred 
over c e l l suspensions for freeze s torage . The c e l l suspensions 
are usually heterogenous, and in some cases i t i s d i f f i c u l t 
to induce the d i f f e r en t i a t i on of an e n t i r e p l an t from c a l l u s , 
whereas pollen embryos and meristem t i p s develop into p lan t 
r a the r e a s i l y , and therefore may prove to be be t t e r mater ia l 
for cryogenic s tud ie s . 
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Induction of Mutations 
One unique value of haplold c e l l cultures l i e s in the 
study of somatic c e l l genetics. In such studies mutant c e l l 
l ines are particularly important. But the majority of 
mutations are recessive, therefore, are not expressed in 
diploid c e l l s in Mie presence of an unmutated dominant gene. 
Haplold cal lus has been employed by various workers to study 
the e f f ec t of various physical and chemical mutagens, single 
c e l l s and isolated pollen have the advantage over the entire 
plant in that they can be plated and screened in large numbers, 
Tulecke (1960) isolated arginine requiring strains from 
pollen of Ginltgo by substituting hormone in the medium with 
arginine with the availabili-ty of the technique of isolated 
pollen culture. I t should be re lat ive ly easy to subject large 
numbers of pollen, l ike single c e l l s to various mutagens and to 
isolate mutants. This l ine of approach could be re lat ive ly 
e f f i c i e n t for the recovery of mutants, 
^ p l y i n g anther culture, Nitsch e t a l , (1969) claimed to 
have obtained mutants by subjecting young plant le ts (while 
emerging from anthers) to various doses (1500-3000 rads) of 
gamma irradiation. These plants showed a high proportion of 
abnormalities in shape, s i ze , and colour of the flowers, and 
some were def ini te ly chimeras. In a further study, Nitsch 
(1972) observed a white flowered mutant with mormoured leaves 
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a f t e r growing tobacco anthers on a medium supplemented with 
N-3-Nitrophenyl-N-phenylurea 1cr°M, Devreux and Saccardo 
(1971) subjected flower buds of Nicotiana tabacum cv. Virginia 
b r igh t to X-rays (10CX) R), and the excised anthers were 
subsequently cul tured. About 5^ of the p lan t s thus obtained 
were aberrant phenotypes and nearly 6% showed chromosomal 
a b e r r a t i a i s . 
Inducing of genetic var iabi l i ty 
The success of any crop improvement programme depends 
on the extent of genetic v a r i a b i l i t y in the base populat ion. 
However, because of deplet ion of the germ plasm pools , there 
i s a shrinkage of the genetic resources . In t h i s regard ca l lus 
cu l tu res are a r i ch source of genetic v a r i a b i l i t y (D*Amato, 
1977; Shirvin, 1978). By anther cul ture not only haploids but 
p l an t s of various ploidy l eve l and mutants can be regenerated. 
The anther derived ca l lus of Cajanus cajan (Bajaj e t a^. , 1960) 
and Arachis hvpogea and A, v i l l o s a (BajaJ e t a l , , 1961) showed 
a wide range of genetic v a r i a b i l i t y as the chromosome number 
var ied from haploid to octaploid with abundant aneuploids. 
Thus through the cul ture of an thers , desi rable p l an t s can be 
obtained and incorporated in breeding programmes. 
Significance of haploids in early relaase of var ie t i e s 
The signif icance of the in v i t r o production of haploids 
in c e l l gene t ics , p lant breeding and thus in a g r i c u l t u r a l crops 
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and tree improvement programmes has already been emphasized 
(Melchers, 1972; Khasa, 1974; Iteinert & Bajaj, 1977; Hu e t a^,, 
1978; Vas i l , 1980; Hermsen & Ramanna, 1961). Some aspects 
have hov#ever, been discussed under the t i t l e s of homozygous 
p l a n t s , cryopreservation of haploid cu l t u r e s , induction of 
mutation and genetic v a r i a b i l i t y . Therefore, a summary of 
these most important features r e s u l t s in the ear ly re lease of 
v a r i e t i e s of crops. 
The main and foremost advantage of the in v i t r o produc-
t ion of haploids over the conventional method i s the saving 
of time. By the cul ture of anthers and pol len , homozygous 
p l an t s and thus isogenic l ines can be produced within a year as 
compared to the long inbreeding method which might take V 6 
years . Based on the anther cu l tu re method new v a r i e t i e s of 
r i ce namely Huaya 1, Huaya 2, and Tanfong 1 (Yin e t a^., 1976), 
wheat Lunghua 1 and Huapei 1 (Hu e t al^., 1978) and tobacco 
Tanyu 1, Tanyu 2, and Tanyu 3 , have been released in China. 
In Japan a s tpe r io r tobacco va r i e ty F211, r e s i s t a n t to b a c t e r i a l 
w i l t , has been obtained through anther cu l t u r e . These repor ts 
have encouraged many p lan t breeders to incorporate anther 
cul ture in breeding methods. 
ANDROGBNESISsRETROSPECT AND PBOSPECT 
The anthers and Isolated microspores of a large nianber 
of species a t different developmental stages ranging from 
leptotene to mature pollen grains have been cultured success-> 
ful ly in different culture media. But i t i s not applicable 
to a l l the Important genotypes of crop plants , success has been 
achieved largely in three families - Solanaceae, Palmaceae, 
and Brassicaceae. 
The ontogeny of androgenic haploids and callus t issues 
has been discussed. I t i s concluded that for successful 
induction of androgenesis» the anthers should be cultured Just 
before, during or immediately following microspore mitosis . 
I t seems quite clear that irrespective of whether the anthers 
are cultured at the microspore or 2-cel led pollen grain stage, 
the haploid cal lus or the embryoids arise from the act iv i ty of 
the vegetative c e l l alone. The anthers cultured at microspore 
stage for the production of haploid cal lus or embryoids seem to 
have simpler nutritive requireiMnts than the anthers cultured 
during meiosis for successful completion of meiotic d iv i s ions . 
Addition of plant growth substances lead to the formation of 
embryoids. However, i t has been concluded that the nutritive 
requirements vary from species to species . 
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The problem associated with the production of haploids 
through anther cul ture i s t h a t the pol len grains within an 
anther are gene t ica l ly heterogenous. Therefore, the p lan t s 
a r i s ing from an anther would cons t i tu te a heterogenous popula-
t i on . Where the formation of haploid p lan ts i s preceded by 
ca l lus ing of pol len the t i s sue a r i s ing from an anther would be 
a chimera because of the mixing of t i s sues derived from severa l 
pol len g ra in s . Pur-ttiermore i f the p ro l i f e r a t i on of anther wall 
c e l l s occurs concomitant with the ca l lus ing of pollen the t i ssue 
f ina l ly derived would not be of purely gametophytic o r ig in . The 
only solut ion to these problems could be to induce androgenesis 
in cul tures of i so la ted microspores or pol len g ra in s . 
The i so la ted pollen grains may develop ca l lu s simply 
by the 'Hanging drop culture* technique. But in case of 
i so la ted microspores the 'Nurse culture* technique can only 
lead to induce androgenesis. This difference i s perhaps due 
to pecu l ia r nourishment given by Nurse t i s s u e . Physiological 
or Biochemical processes responsible for the production of 
ca l lu s or embryoids from pollen grains have been discussed. 
Production of embryoids from cultured anthers or i so la ted 
microspores i s influenced very much by d i f fe ren t factors l ike 
genotype, physiological condit ion of the p l an t , s t age of pol len , 
pH, tenqjerature, l i g h t pos i t ioning of anthers on medium and 
nurse t i ssue e t c . I t i s concluded tha t general ly maximum 
response i s achieved a t pH 5.8 and 25°C temperature. The 
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l i ght i s beneficial for embryoid development but continuous 
l ight i s inhibitory and particularly red l i ght . However, 
anther and isolated microspores dif fer from each other in 
their requirement for l ight . 
In retrospect, i t i s remarkable that microspores and 
young pollen grains of matrf angiospenas are highly responsive 
for experimentation of different kinds, 
Haploids provide potential ly useful material for the 
study of various fundamental as vie 11 as applied problems of 
plant science. Hsploids are thus used to produce homozygous 
and true breeding plants in a single generation; cryopre-
servation, induction of mutations and induction of genetic 
var iabi l i ly resulted in the intprovement and early release of 
new var i e t i e s . 
The main obstacle facing by anther and isolated micro-
spore cul tural i s t s at present i s the lack of response from 
pollen grains of several crop plants and other species of 
economic importance. In some instances the pollen embryoids 
f a i l to attain maturity or y ie ld only a few p lant le t s . The 
anther and isolated microspore cultures are influenced by a 
ntmiber of factors, besides, the phenomenon of pollen dimorphism 
i s of wide occurrence in plants and the anomalous unit observed 
in vivo are the source of embryoids in cultured anthers and 
isolated microspores. This suggests that pollen embryogenesis 
64 
i s predetermined and by con t ro l l ing the formation of p o t e n t i a l 
embryogenic g ra ins , improvement in embryo-yields and induction 
in r e c a l c i t r a n t species may be achieved. An idea l system would 
however, be the d i r e c t cul ture and p l a t ing of i so la ted pol len . 
This i s an area t h a t has p o t e n t i a l , and more emphasis should 
be placed on i t . This would not only y ie ld large scale 
production of haploids and homozygous p l an t s , but would a l so 
f a c i l i t a t e work in inducing desi rable mutations, transformations 
and biochemical gene t ics . I t a l so has biotechnological po tent ia l , 
ANDROGENESIS IN MORINGA OLSIFBRA UM. 
Distribution and morphology of morlnga 
Moringa o le i fe ra Lam, Fam, - Moringaceae 
Syn. Moringa pterygosperma 
Com. Sahenjana. 
Moringa i s indegenous to North west India, and i s 
d i s t r ibu ted in India, Asia minor and Africa. In India the 
p lan t i s d i s t r ibu ted in the fo res t s of Dehradun, Saharanpur, 
Rohilkhand and Oudh, outer Himalayas a t low e levat ions and 
cu l t iva ted througout the ho t t e r p a r t s of India , 
All p a r t s of the p lan t are of medicinal importance. 
The roots of the t ree are used as condiment or garnish in the 
same way as those of horse rad ish . The roots of the young 
t ree and a lso root bark are rubefacient and ves ican t . An 
alkaloid splrochin is isolated from the roots. The root bark 
contains t races of an e s s e n t i a l o i l i . e . phy tos te ro le . The 
bark y ie lds a corky f iber , Pterygospermin, an a n t i b i o t i c 
p r i n c i p l e , present in the root i nh ib i t s the growth of many 
gram pos i t ive and gram negative bac te r i a . Pterygospermin may 
also be used in the preservat ion of f r u i t s and vegetables and 
in seed treatment. The stem of the t ree exudes a gum, which 
i s loca l ly used in ca l i copr in t ing . 
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The tender leaves are eaten as pot herb. Leaves are 
r ich in vitamins (A and C) and are considered useful in scurvy 
and ca t e r rha l a f fec t ions . The ju ice of the leaves show strong 
a n t i b a c t e r i a l a c t i v i t y agains t micrococcus pyrogenes, E, c o l i 
and Baci l lus s u b t i l i s . twigs and leaves are lopped for fodder. 
Flowers and pods are used as vegetables , pods are also 
p ickled . The seeds are considered an t i py re t i c , acrid and 
b i t t e r . The o i l extracted from the seeds of the plant i s 
known as Ben o i l . The o i l i s used for edible purposes and as 
a lubr icant for fine machinery. The o i l cake i s used as 
f e r t i l i z e r . The o i l cake cons i s t s of two a lka lo ids , raoringine 
and moringinine. 
Habit : a small or medium sized t ree about 10 meters high 
deciduous and pe r r en i a l with corky bark. 
Root : roots pungent, young p a r t s tomentose 
Stem : Woody, sof t , branched 
Leaves; 1-2,5 fee long, usual ly 3 p innate , rach is slender 
a r t i cu l a t ed and with a glandular dot a t the a r t i c u -
l a t i o n s . Leaflet , 4 to ,8 inch long, opposite , 
the l a t e r a l l e a f l e t s e l l i p t i c , the tenninal ones 
obovate and s l i g h t l y l a rger , e n t i r e , membranous 
pale beneath, nerves obscui^e, of the l a t e r a l 
l e a f l e t s ,1 inch long or nearly so, of the terminal 
,2 to , 3 inch long. 
&cel/-e^^ oCo/yyi 
J^v^is^^^^eiA^ ^^^^-^ 
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Inflorescence 
Calyx 
Corolla 
Androeclum 
Gynoeclum 
Fruit 
Seed 
Flowering 
Pollination 
Axillary pan ic l e s , 
Calyx 5i lobes 0,5 inch long, l inea r 
lanceolate re flexed, puberulous. 
Pe ta l s 5, .7 to ,9 inch long l inea r 
spa thula te , white with yellow dots a t 
the base. 
Stamens 5, inser ted on the edge of the 
disk opposite the p e t a l s , anthers 
dors i f ixed. 
Ovary oblong 1-celled, s ty le s lender , 
tubular . Stigma perfora ted . Ovules many 
in 2 se r i e s on 3 p a r i e t a l p lacen tas . 
Capsule e longate , 3 angled, 1 ce l led , 
l ocu l i c ida l , 3 valved, corky, within. 
Seeds many, about 1 inch long 3 angled, 
the angles winged. 
Twice in a year Fteb, to May and Sept, to 
December, 
By b i rds . 
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Material and Methods 
Excised anthers of Moringa from surface s t e r i l i z e d 
floviier buds wei*e cultured in Murashige and Skoog's medium 
in order to induce androgenesis. 
Anthers having pol len grains a t three developmental 
s tages , i . e . (1) with most of microspores in t e t r ads and a 
few j u s t separated, (2) Isolated pol len grains with thin exine 
and (3) Isolated pol len grains with thicker exine, were excised 
from flower buds s t e r i l i z e d by t r ea t ing with 0»^% Mercuric 
chloride for five minutes, followed by r ins ing thr ice with 
f 
s t e r i l i z e d double d i s t i l l e d water. Five excised anthers with 
detached filaments were inoculated per cul ture tube containing 
Murashige and Skoog's (1962) medium (having 3% sucrose, pH 5.8 
and so l id i f i ed by 0.7?^ agar) and supplemented with 0.5 mg/1 
lAA + Kh. The cu l tures were incubated a t 27+1 °C under 14/10 
hrs photoperiod of 2000 lux l i g h t i n t e n s i t y . At regular interval ; 
the anthers were taken out the dehydrated in a lcohol-xylol 
s e r i e s . After embedding in paraff in wax the anthers were cut 
into sect ions (8*Am), double s tained and permanent s l i de s were 
made. 
Itesult 
On incubation the anthers s t a r t ed enlargement within a 
week of inoculat ion. Some of the anthers ruptured and gave r i s e 
to compact gray-white c a l l i in second week. In some others the 
-^nti. 
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filament a lso gave white ca l lus (where the p a r t of filament 
was attached to the an ther ) . Remaining anthers showed 5 to 5 
fold increase in size and were green \3pt0 40th day of inocu-
l a t i o n . These anthers were mostly from anthers inoculated 
a t te t rad s tage . The microscopic s tudies of such anthers 
showed the presence of embryoids and c e l l c l u s t e r s inside the 
anther locule (Fig. 1 ) , 
The pol len wall ruptures (burs t ) a f t e r 10 to 15 days 
of inoculat ion re leas ing c e l l c l u s t e r s formed in pol len grain . 
In paraf f in sect ioning the pol len and pol len embryos 
are retained in t he i r o r ig ina l pos i t ion during processing of 
the mater ia l . In ear ly stages the pol len embryos were lying 
freely in the anther locule . But in l a t e r stages they became 
attached with locular wall , and free embryoids were rare in 
these s tages . 
Pollen embryos have the i r basal end adhering to a 
supporting t i s sue , the thecal wall (Fig. 1) . 
Discussion 
Rupturing in anthers within two weeks of inoculat ion 
due to ca l lus ing in anther wall as observed in present mater ia l 
has also been reported by Ja iswal and Narayan (1981 ) in 
F r i t i l l a r i a . The formation of c e l l c l u s t e r s from pollen grains 
and burst ing of pol len wall re leas ing c e l l c l u s t e r s as observed 
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in Moringa olelfera have been reported in Frltillarla ussuriensls 
(Zeguang et al., 1984), The attachment of pollen embryos with 
anther wall as observed in Morlnga by a suspensor like structure 
has also been observed by Nitsch (1969), Hiandari (1976), 
Haccius and Bhandari (1975) in Nicotiana. 
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FUTURE PLAN OF VIORK 
The induction of embryoids has been achieved in 
Moringa o le i fe ra Lam., Attempts wi l l be made to obtain 
p l a n t l e t s through anther cul ture with the following 
object ives , 
1, Different nu t r i en t media wi l l be used for anther cul ture 
to obtain b e t t e r androgenesis, 
2 , Different growth regula tors and mutagens w i l l be added 
to cul ture media to obtain p l a n t l e t s d i r e c t l y through 
embryoid formation as well as through ca l lus formation. 
The va r i an t s wi l l be se lec ted , 
3 , Culture media w i l l be adjusted a t d i f fe ren t pH values to 
obtain be t t e r androgenesis, 
4, Experiments wi l l be car r ied out to find out more sui table 
temperature for androgenesis, 
5, Effect of l i g h t , as well as l i g h t of d i f f e ren t colours, 
w i l l be s tudied, 
6, Effect of pos i t ioning of the anther on the medium would 
be inves t iga ted . 
7, Isolated microspores wi l l a l so be cultured by nurse 
cul ture technique. 
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8. The haploids raised through anther cul ture wi l l be 
diplodized by colchicine treatment, 
9. The haploid as well as diploid p lan t s w i l l be t ransferred 
to s o i l . 
